Interaction of p53 and DNA-PK in response to nucleoside analogues: potential role as a sensor complex for DNA damage.
Therapeutic nucleoside analogues such as ara-C, gemcitabine, and fludarabine exert their cytotoxic activity against cancer cells mainly by incorporation into DNA and disruption of further DNA synthesis, resulting in the triggering of apoptosis. However, the molecules that recognize the incorporated analogues in DNA and subsequently initiate the downstream cellular responses remain to be identified. Here, we report that the DNA-dependent protein kinase (DNA-PK) and p53 are able to form a protein complex that interacts with the gemcitabine-containing DNA and plays a role in signaling to apoptotic pathways. DNA-PK/Ku and p53 were copurified in a protein fraction that binds to gemcitabine-containing DNA in preference to normal DNA. Immunoprecipitation experiments revealed that the two proteins physically associate in a complex. Treatment with gemcitabine resulted in an increase of DNA-PK and p53 protein and an increase in the phosphorylation of p53 at Ser15. Furthermore, confocal microscopy demonstrated a colocalization of DNA-PK and p53 to the nucleus in cells treated with gemcitabine. The nuclear localization of the DNA-PK/p53 complex was coincident with the induction of apoptosis in these cells. Although the wild-type p53 present in the protein complex exhibited 3'-5' exonuclease activity, it was incapable of excising the incorporated gemcitabine from DNA. The binding of the p53/DNA-PK complex to DNA substantially blocked further DNA synthesis by DNA polymerases alpha and epsilon in vitro, indicating a stalling of this complex at the site of drug incorporation. These data suggest that DNA-PK and p53 may form a sensor complex that detects the disruption of DNA replication caused by nucleoside analogue incorporation and may subsequently signal for apoptosis.